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ABSTRACT 
The purpose of this work is to present a model to calculate the transient flow of the lubricant oil through the radial 
clearance of rolling piston compressors considering the time variation of both the pressure difference between the 
compression and the suction chambers, and the tangential velocity of the rolling piston during its complete revolution. 
These parameters are obtained by modeling the compression process of the refrigerant gas and the rolling piston 
dynamics. The influence of both the dimension of the radial clearance and the oil temperature on the oil mass flow 
rate is investigated. Furthermore, the mass loss of the refrigerant gas due to the lubricant oil flow is calculated, 
showing that it can exceed 30% of the total mass of the refrigerant gas being compressed. 
INTRODUCTION 
The volumetric efficiency of the rolling piston compressor is related to the gas refrigerant leakage, clearance 
space, suction gas heating, return of the gas through the discharge valve and lubricant oil flow. Among them, the 
refrigerant gas leakage is the main cause of the volumetric efficiency loss. The major leakage occurs at the clearance 
existing between the external surface of the rolling piston and the internal surface of the cylinder, known by radial 
clearance. Krueger (1988) estimates that about 30% of the total internal loss of the refrigerant gas are due to this 
leakage. Therefore, a good understanding of its mechanism becomes important in order to compute and to increase 
the volumetric efficiency of the compressor. 
During the compression operation the radial clearance is filled with oil that serves as lubricant as well as sealant 
to prevent leaking of the refrigerant gas from the compression to the suction chamber. Gasche et al. (1997) have 
presented a broad discussion about several aspects associated with the flow through the radial clearance and have 
proposed a first model to calculate the stationary flow of the oil through this clearance. The lubricant oil flow through 
the radial clearance is essentially driven by the pressure difference between the compression and the suction chambers 
and by the tangential velocity of the rolling piston which is caused by its rotation. In the actual compressor these 
parameters are not constants during the compression process. Gasche et al. ( 1994) have presented results showing the 
importance of the tangential velocity in the flow model. Therefore, a more realistic model to predict this flow must 
consider these facts. 
Owing to these characteristics of the rolling piston compressor mechanism, the oil flow through the radial 
clearance is modeled as a transient flow is this work, considering the instantaneous values of both the pressure 
difference between the compression and the suction chambers and the tangential velocity of the rolling piston these 
parameters are obtained here by modeling the compression process of the refrigerant gas and the dynamic of the 
rolling piston. 
With respect to the volumetric efficiency of the compressor, the mass loss of refrigerant gas can be computed by 
using the mass flow rate of the lubricant oil and the solubility difference of the refrigerant gas in the oil which occurs 
at the conditions of the compression and the suction chambers. Finally, if all the others components of the mass losses 




A sketch of the compression mechanism of the rolling piston compressor is illustrated in Figure 1. The radial 
clearance is shown at the bottom in this figure. The geometry used to study the lubricant oil flow through the radial 
clearance is the same as that used by Costa et al. (1990) and is depicted in the Figure 2. In his work, Gasche et al. 
(1996) have also included an analysis of the effect due to inertial forces on the lubricant oil flow through the radial 
clearance and have shown that inertial forces are not important to the force equilibrium. Therefore, taking into 
account the cylindrical coordinate system, the momentum equation in the 8 direction for incompressible flow, 
considering only the equilibrium between the pressure and the viscous forces, can be written as, 
dp = ~ (J.lr du) 
d8 dr dr 
(1) 
in which f.1. is the viscosity, p is pressure and u is the velocity component in the 9 direction. This equation can be 
locally integrated twice in the r direction, from Rp, where u=V tt(t), to a(S), where uo=O, resulting in the following 
equation, 
u;..!.. dp[r~a~(R ~a) ln(r/a) ]+ Vtt(t) ln(r/a) 
J..L d8 P ln(RP /a) ln(RP /a) (2) 
where V tt(t) is the tangential velocity of the rolling piston. Notice that the second term of the above equation 




Figure 1 - Compression mechanism 
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Figure 2- Geometry of the problem 
On the other hand, the continuity equation can be written as 
ap 1 a 1 a 
- +--(prv) +--(pu) == 0 at r ar r as (3) 
in which p is the density and v is the velocity component in the r direction. By integrating this equation in the r 
direction, from RP to a(9), using the velocity profile given by Equation 2, the continuity equation reduces to, 
(
a
2 -R~ @e.~[-£. dpf1 (8)+pVrr(t)f2 (8)]==0 2 )at dS Jl dS (4) 
where f1(9) and fz(9) are geometric parameters given by 
fS-a-R r_ r -R [ a- R [ R -a J~ 1 ( ) - ( P) 2 ln(Rr I a) P (5) 
(6) 
The second order differential equation for the pressure, Equation 4, can be solved by specifying both the 
compression and the suction pressures, p0(t) and p5, and the tangential velocity, V ~r(t). The compression pressure is 
obtained by modeling the compression process of the refrigerant gas and the tangential velocity results of the rolling 
piston dynamics modeL The suction pressure is considered constant in this work. These parameters are obtained 
considering the compression of the R22 and the results are shown in Figures 3 and 4, respectively. More details on 
this formulation can be found in Gasche (1996). It should be noted that Equation 4 can still be used to solve problems 
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Figure 3- Compression pressure during a 
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Figure 4- Tangential velocity during a 
complete piston revolution 
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METHODOLOGY 
The differential equation for the pressure, Equation 4, and the associated boundary conditions are discretized 
using a finite volume methodology. Staggered meshes with respect to pressure are employed for u velocity. The 
numerical integration of the pressure gradient term is performed using a central difference scheme. The algebraic 
equations are solved through a combination of the Tri-Diagonal Matrix Algorithm and the Gauss-Seidel methodology. 
More details on the discretization as well as on other aspects of the numerical methodology and solution can be found 
in Gasche (1996). The final mesh used to generate the results to be presented here has 120 nodal points in the 9 
direction and 500 time intervals. A channel length of rr./3 rad was used to represent the space of the radial clearance 
filled with lubricant oil, considering 90=rrl3 and 9,=:::2rr./3. Others channel lengths were also used without affecting 
significantly the results shown here. The lubricant oil SUNISO 4GSD, with physical properties (!J. and p) given by 
Sakurai and Hamilton (1984), was used to generate the results presented here. The compressor dimensions are 
presented by Gasche ( 1996). In this work, the net mass flow rate of the refrigerant gas is calculated by 
(7) 
where wc(t) and w, are, respectively, the gas solubility in the lubricant oil at the oil temperature and at the 
compression and suction pressures. The instantaneous mass flow rate of the lubricant oil is represented by moil (t). 
The solubility of the R22 in the lubricant oil SUNISO 4GSD is also given by Sakurai and Hamilton (1984). 
RESULTS AND DISCUSSIONS 
Figures 5 and 6 show the instantaneous mass flow rates of lubricant oil and refrigerant gas as a function of oil 
temperature and minimal clearance, 8, during a complete revolution of the rolling piston. The shape of these curves 
reveals the influence of both the tangential velocity and the pressure difference between the two chambers. In general, 
the oil flow is governed by the pressure difference. At the beginning of the period, as the pressure difference, p0(t)-p,, 
is small, the influence of the tangential velocity is greater. This effect is reduced as the pressure difference increases, 
mainly for the greater minimal clearances. For i5=:::100 flm, for example, the flow is clearly governed by the pressure 
difference and its contribution to the total mass flow rate is larger as compared to ~10 J.Lm. Due to the negative 
tangential velocity at the beginning of the compression cycle, the mass flow rate of the lubricant oil, for small 
clearances, tend to be in opposite direction of that imposed by the pressure difference, resulting in negative values of 
the lubricant mass flow rate. 
The effect of the lubricant oil temperature on the mass flow rates of the lubricant oil and refrigerant gas can still 
be analyzed in Figures 5 and 6. As can be seen from these figures, the instantaneous mass flow rate of the oil 
increases as the temperature increases due to the reduction of its viscosity. Nevertheless, the mass flow rate of the 
refrigerant gas reduces owing to the reduction of the gas solubility in the lubricant oil. 
The numerical integration of the instantaneous mass flow rates of the oil and refrigerant supplies their total 
leakage during a complete cycle of the rolling piston. Figure 7 presents the results of this integration for various 
temperatures and minimal clearances. As can be seen from the figure, the same tendencies as indicated above are 
seen. The total mass of the oil leaking through the clearance increases with temperature and minimal clearance due to 
the friction reduction. Besides, the growth rate of the total mass increases with temperature and minimal clearance. In 
the case of the total mass of the refrigerant gas, the temperature influence is opposite due to the reduction of the 
refrigerant gas solubility in the lubricant oil. In comparison with the total mass of the refrigerant gas pumped by the 
compressor, this leakage mass can represent more than 30 % for i5=100 f.J.m and temperatures over 80 °C, as can be 
seen in Table 1. 
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Table 1 -Total mass of the refrigerant gas leaking through the radial clearance in grams during one cycle. 
o (!lm) Toil ( °C)/ mass leakage in relation to the R22 being compressed (%) 
80°C % 100°C o;o 120 °C % 
10 0.00032 0.14 0.0003 0.13 0.0002 0.09 
20 0.0017 0.72 0.0016 0.70 0.0012 0.51 
40 0.0091 4.0 0.0089 3.8 0.0065 2.8 
60 0.0249 10.8 0.0243 10.6 0.0179 7.8 
80 0.0509 22.1 0.0497 21.6 0.0367 16.0 
100 0.0887 38.6 0.0867 37.7 0.0640 27.8 
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Figure 5- Instantaneous mass flow rates of oil and R22 as function of temperature for o=1 0 11m 
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Figure 6- Instantaneous mass flow rates of oil and R22 as function of temperature for o=1 00 11-m 
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Figure 7- Total mass of oil and R22 during a complete cycle of the rolling piston 
CONCLUSIONS 
This work presents a model to calculate the transient flow of the lubricant oil through the radial clearance of the 
rolling piston compressors. The model includes the simultaneous effects of both instantaneous tangential velocity of 
the rolling piston and compression chamber pressure. An analysis of the oil temperature influence on the flow for 
various minimal clearance is also carried out. The results show that the total oil leakage increases with both minimal 
clearances and temperature. Nevertheless, the total gas leakage reduces with increasing temperature due to the 
solubility reduction of the refrigerant in the oiL After all, the total leakage of the refrigerant gas can represent more 
than 30 % of the total mass of the refrigerant gas delivered by the compressor for the larger clearances and smaller 
temperatures. 
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